Background
Xanthogranulomatous inflammation is a chronic inflammatory disease histologically characterized by collection of foamy macrophages admixed with polymorphonuclear leukocytes, activated plasma cells, and lymphocytes of polyclonal origin, in a mosaic-like pattern [1, 2] . The most common sites of involvement are the kidney and gallbladder [3, 4] ; however, it can occur in many other organs, including the lymph nodes, colon, appendix, pancreas, urinary bladder, prostate, testis, epididymis, endometrium, ovaries, fallopian tubes, vagina, and salivary glands. Xanthogranulomatous inflammation rarely occurs in lung, brain, or bone [1, 5] .
Bone involvement of xanthogranulomatous inflammation, termed xanthogranulomatous osteomyelitis (XO), often presents as a mass-like lesion extending to adjacent structures, and can mimic infiltrative carcinoma [6] . XO may also accompany inflammatory signs of pain, fever, and leukocytosis, due to a delayed-type hypersensitivity reaction of cell-mediated immunity. Therefore, distinguishing infection from neoplasm is an important first step in diagnosing XO. The differential diagnosis of xanthogranulomatous osteomyelitis includes Langerhans cell histiocytoses, Erdheim-Chester disease, and chronic recurrent multifocal osteomyelitis [2, 5, [7] [8] [9] . Clinical manifestation and radiologic findings are important in the decision, as well as histopathological diagnosis, which can confirm the diagnosis of XO.
XO is rare and only 6 cases have been reported: 2 in 1984 by Cozzutto et al. [1] [2] , and by 1 Kamat et al. [11] in 2011. To the best of our knowledge, this is the seventh reported case of xanthogranulomatous inflammation in bone. We report this rare XO case with the radiologic features of simple radiography, PET/CT, and MRI.
Case Report
A 59-year-old man was referred to the orthopedics department of our institution, presenting a 2-month history of right wrist pain with swelling. He had no trauma history or previous surgical history of the right wrist. He had a past medical history of myelodysplastic syndrome (MDS) and rheumatoid arthritis, diagnosed 6 years before. He had been taking antifungal medicine (itraconazole) for 2 months and vitamin A and D for 3 months for multiple furunculosis of the face, neck, and axilla. Upon systematic review, the patient's right wrist had mild limitation of motion and swelling. Physical examination of his right wrist revealed tenderness with local heat and without motor or sensory impairment. Lab studies showed leukocytopenia (white blood cell count of 2120 cells/mL with a normal distribution of neutrophils [42.9%], lymphocytes [43.4%], and eosinophils [0%], and slightly elevated monocytes [13.7%] ) and mild thrombocytopenia (platelet count of 10 800 cells/mL) that had been consistently low due to his history of MDS. Other lab studies, including liver function tests and renal function tests, were within normal limits, and his vital signs were stable, without fever. The clinical impression according to his symptoms, signs, and laboratory data could suggest metastasis or myeloma involvement, considering his age and prior history of MDS.
Plain radiography of the wrist revealed a bulging mass-like lesion located at the distal ulna with a round radiolucent lesion of the distal ulna, suggesting an osteolytic mass ( Figure 1A) . CT of the wrist showed a lobulated soft-tissue-density mass about 2×2×4 cm involving the ventral-medial side of the distal ulna, with a focal cortical defect of the bone ( Figure 1B ). On MRI, the lobulated mass on the distal ulna displayed low signal intensity on T1-weighted image, and high signal intensity on T2-weighted image, and was strongly enhanced by gadolinium injection ( Figure 1C ). The lobulated contour, with the extending pattern of the lesion into the adjacent soft tissues and location of the lesion itself, suggested infection, but the adjacent bone marrow edema was relatively minimal. Therefore, a tumorous lesion, such as primary bone tumor, metastasis/myeloma, or lymphoproliferative disease (Castleman's disease), seemed more probable, and infection seemed less likely. Whole body bone scan (WBBS) and PET-CT scan were performed to detect any other lesions. The WBBS revealed increased uptake in the right distal ulna, a finding suspicious for a bony tumor. The PET-CT also showed focal intense fludeoxyglucose (FDG) uptake in the distal part of right ulna, compatible with malignancy, with no other abnormal FDG uptakes to indicate metastasis ( Figure 1D ).
The radiological diagnosis of the wrist lesion focused more on a malignant lesion than infection, but, controversial as this diagnosis is, confirmation by pathology was recommended. A surgical incisional biopsy of the distal part of right ulna was performed, and microscopic findings showed acute and chronic inflammation, with extensive infiltration of foamy macrophages, most likely consistent with xanthogranulomatous osteomyelitis. The excisional biopsy was used to completely rule out malignancy, since radiologic findings suggested neoplasm rather than infection. In the operating room, the exposed distal ulna had a mass lesion that manifested malignant behavior aggressively invading upon enclosing tissue. The lesion was completely excised and curetted out, and the soft tissue and bony tissue from the ulna were sent to the pathology department for histopathologic inspection. Upon gross examination, the tissue presented as an ill-defined mass-like lesion. The specimen had diffuse infiltration of mixed inflammatory cells, including neutrophils, small lymphocytes, and plasma cells admixed with aggregated foamy macrophages on light microscopy. The foamy macrophages had a distinct cytoplasmic border, abundant pale eosinophilic granular cytoplasm, and a small round nucleus ( Figure 1E and 1F) .
The final pathologic diagnosis was confirmed as xanthogranulomatous osteomyelitis based on the acute and chronic inflammation, with extensive infiltration of foamy macrophages and formation of granulation tissue.
Discussion
Xanthogranulomatous osteomyelitis (XO) is a notable disease in terms of its rarity. Only 6 cases of XO have been reported in the literature (Table 1 ). Cozzutto et al 1 first reported 2 cases of involvement of the first rib in a 5-year-old boy and the proximal metaphysis of the tibia in a 14-year-old boy in 1984. In 2007, Vankalakunti et al. [5] reported a case of 50-year-old woman presenting XO in diaphysis of ulna. Cennimo et al. [10] reported a case that manifested as a xanthogranulomatous reaction with culture results positive for Mycobacterium marinum in the index finger and wrist of a 41-year-old sushi chef in 2009. Recently, a case of XO invading 2 separate bones, the metaphysis of the right humerus and the medulla, metaphysis, and diaphysis of the left fibula, in a 14-year-old boy was published by Borjian et al. [2] . Another case of XO, which presented as swelling in the right distal tibia, in a 13-year-old boy was reported by Kamat et al. [11] . Here, we report the seventh case of xanthogranulomatous inflammation in bone, a case of a XO in the distal ulna.
We report this case due to its imaging findings on simple radiograph, CT, MRI, WBBS, and PET-CT, and the importance of differential diagnosis with malignancy, therefore we could present various radiologic features of XO. XO is generally benign and curable, but it can mimic malignant bone tumor clinically and radiologically. Our case of XO is remarkable in that the CT and MR images showed an enhancing mass in the ulna, with focal uptake in WBBS and PET-CT, which should be distinguished from malignant tumors. At present, imaging XO does not suggest a specific finding to make a convincing diagnosis. Therefore, histopathological examination seems to be necessary to accurately diagnose XO. Microscopic differential diagnosis for xanthogranulomatous osteomyelitis includes Langerhans cell histiocytosis (LCH) and Erdheim-Chester disease (ECD) [2, 5, [7] [8] [9] . Unifocal LCH may present as a single osteolytic lesion, generally affecting long or flat bones [2] . However, bone involvement usually occurs in pediatric patients, with a median age of 5, and Birbeck granules, a diagnostic hallmark [12, 13] , were missing in our case, therefore LCH could be ruled out. ECD is a systemic condition characterized by multisystemic xanthogranulomatous infiltration, including bone involvement affecting middle-aged adults [2] . Our patient did not show any other site of inflammation on WBBS and PET; therefore, ECD was ruled out. Accordingly, histopathology should distinguish pseudotumoral XO from bone tumors or other benign conditions.
Conclusions
Xanthogranulomatous osteomyelitis is extremely rare and its preoperative diagnosis is a challenge because it can radiographically mimic a malignant tumor. XO generally has a benign prognosis, contrary to malignant bone tumor; therefore, biopsy and histopathological confirmation are necessary for proper management.
Teaching point
Xanthogranulomatous osteomyelitis (XO) is extremely rare, and its preoperative diagnosis is a challenge because it can mimic a malignant tumor on radiologic examinations, including simple radiograph, CT, MR, and PET. Gross and radiologic manifestations of XO can mimic neoplasm; therefore, XO needs differential diagnosis from malignancy and histopathological confirmation is necessary for proper management. Although image features can mimic the malignancy, the radiologist must be aware of the possibility of the XO.
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